Online banking investment decision with real option pricing analysis. by Chu, Chun-fai Carlin. & Chinese University of Hong Kong Graduate School. Division of Business Administration.
Online Banking Investment Decision 
with Real Option Pricing Analysis 
CHU Chun_fai，Carlin 
A Thesis Submitted in Partial Fulfilment 
of the Requirements for the degree of 
Master of Philosophy 
in Decision Sciences and Managerial Economics 
© The Chinese University of Hong Kong 
July, 2001 
The Chinese University of Hong Kong holds the copyright of this thesis. Any 
person(s) intending to use a part or whole of the materials in the thesis in a 
proposed publication must seek copyright release from the Dean of the Graduate 
School. 















. . . . . • •' ;• . , . 
•: • • . . • • . . . . ;. ,.. . . 、 . . ； . . . . . . . . . . . . • . • . 
.•• -• • . . . . . • . - .• ——，.，_. . . . . . . . , ‘ • . . . . . ... • • . ... • • • •.. • .. , 
. . . . . • . , . . • ——..._.... . . . . . . . . . . . • 
- • . • ” . . .. . • • . • • . 
‘ .* . _ • . . . . • . . . . ‘ • ‘ . • ‘ _ • . . • . . ‘ * ” 
Abstract 
The uncertainties involved in future investment opportunity always create 
difficulty for its evaluation. Traditional investment planning workhorse, discounted 
cash flow analysis, is claimed to be incapable of handling the flexibilities. On the 
other hand, real option-pricing analysis has been proposed as a substitute tool. 
The underlying rationale of real option-pricing analysis is to explicitly 
incorporate management flexibilities associated with the investment. It borrows the 
evaluation methods for financial options and applies them to non-traded underlying 
asset. 
One of the real option-pricing analysis tools, Black-Scholes formula has been 
used in this study to evaluate and determine the optimal timing of a real information 
technology investment project. The online banking investment from one Hong Kong 
medium-sized bank was taken as the sample case. 
Compared with previous similar study conducted by Benaroch & Kauffman 
(1999), this study used a different approach to model and evaluate the optimal timing 
of a deferrable investment. Although the result derived in our case proved to be robust 
under the test of comprehensive sensitivity analysis, our suggested timing decision 
did not match the final action taken by the bank. The reasons of this discrepancy are 
discussed in this study. Nevertheless, together with the case studies conducted by 
Traudes et al (2000) and Benaroch & Kauffman (1999) respectively, people could get 
a better picture in applying option-pricing analysis in information technology business 
decisions. 
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Part I : Introduction 
Due to the emergence of E-commerce, nowadays the business environment is 
increasingly competitive. Efficient and effective information technology (IT) becomes 
one of their critical weapons to survive. Many companies are currently pursuing 
"state-of-art" technology to improve their competitiveness through providing better 
customer-oriented services and products or reducing costs within the supply chain. 
There are a number of alternatives available in the market and practitioners would like 
to find ways to compare them. Two main focuses for their comparison are strategic 
impact and economic return. 
According to a study from Wilder (1999) on information technology 
investment decision, strategic effect always caught more attention and emphasis than 
tangible return. The study showed that over 80% of IT investment project got 
approved without formal return on investment (ROI) assessment. And the critical 
reason stated to approve those IT investments was responsiveness to marketplace. 
However, some of the investments might not provide enough payback afterwards and 
the incurred losses might give a terrible impact to the company as they had not been 
properly estimated beforehand. Because of this situation, practitioners were eager for 
disciplined methods to tackle IT investment decisions and numeric ROI was re-
addressed. 
The traditional workhorse for ROI is discounted cash flow analysis (DCF) 
analysis. However, it is incapable to handle stochastic situation as it excludes the 
consideration of management flexibility. In recent year, some researchers suggested to 
use other approach, real option-pricing analysis, to solve stochastic IT investment 
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problem (DosSantos 1991，Kumar 1996，Taudes 1998, Benaroch & Kauffman 1999， 
Taudes et al 2000). 
A financial option is defined as the right, without an associated obligation, to 
buy (if a call) or sell (if a put) a specified asset (e.g. common stock) by paying a pre-
specified priced (the exercise price) on or before a specified date (the expiration date). 
The beneficial asymmetry is derived from the right to exercise an option only if it is in 
the option holder's interest while the holder does not have any obligation to do so if 
the outcome is not beneficial. The flexibility provided by the financial option enable 
the holder to capture the benefits when the future outcome showed to be favourable 
and decline any further loss when it turned out to be unfavourable. If we look further 
into this characteristic, we could make an analogy of the flexibility of financial option 
to the flexibility inherited in a deferrable IT investment under stochastic environment. 
Few scholars applied real option-pricing analysis in IT context in recent 
years*. Dos Santos (1991) justified an IT investment on a novel technology with its 
potential of further expansions in future. Kumar (1996) and Taudes (1998) presented 
their studies on a 2-stage IT project and software investment problem respectively. 
However, empirical studies on real case were very limited. Benaroch and Kauffman 
studied an optimal timing of a point-of-sale debit service system in 1999 and Taudes 
et al. investigated the SAP software platform upgrade decision in 2000. 
In this thesis, we are going to employ real option-pricing analysis to a real 
business case and use Black-Scholes model to solve an optimal investment timing 
problem. The online banking investment project by the Hong Kong Chinese bank will 
be taken as the sample case in this study. 
• The Scholars includes Dos Santos 1991，Kumar 1996，Taudes 1998，Benaroch & Kauffman 1999， 
Taudes et al. 2000 
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The research objectives in this study are 1) Study the applicability of Black-
Scholes model in online banking investment problem 2) Demonstrate the usage of 
Black-Scholes model in a real business case of online banking investment project 3) 
Discuss the limitations on using Black-Scholes model in real business problems. 
The reminder of this study will be organized as follows: Part II documents the 
related literature review; part III talks about the case background of this study and part 
IV shows the research model. Data collection, analysis result, implications and 
contributions will be covered in the successive parts respectively. 
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Part II ： Literature Review 
Traditional capital budgeting methods like discounted cash flow (DCF) 
analysis were widely adopted to evaluate investment return in different business 
sectors. However, many studied have showed that its weakness on handling uncertain 
situations. Another approach, option-pricing theory is regarded to better cope with 
uncertain investment decisions. Option-pricing theory explicitly incorporated the 
managerial flexibility, which is crucial to response to uncertain market conditions, in 
consideration. Its superiority is well recognized by many scholars'^. There are two 
different applications of option-pricing theory. The application in financial market is 
regarded as "Financial option-pricing theory" while the applications on non-financial 
market is called “Real option-pricing theory". Real option pricing theory is developed 
on the basis of financial option pricing theory and the following sections give the 
readers a brief literature review of important findings in financial option pricing 
theory and real option pricing theory respectively. 
Financial Option-pricing theory 
Option Pricing Theory has a long stem in the area of financial study. Black 
and Scholes (1973) provided us the first complete framework for studying option-
pricing models. Together, their Black-Scholes model acted as the foundation of many 
financial models. The major focus in option-pricing theory is to determine the prices 
of financial options appropriately under corresponding conditions (Hull 1993). 
A The Scholars includes Black & Scholes 1973, Margrabe 1978, McDonald Siegel 1986, Dos Santos 
1991, Jonathan at el. 1992, Kemnal993, Smith & Nau 1995，Mukhopadhyay et al. 1995, Trigeorgis 
1996，Emilio Barucci et al. 1996，Taudes 1998, Kulatilaka & Perotti 1998，Amram et al. 1999, 
Benaroch & Kauffman 1999，Wilder 1999, Broadbent et al. 1999，Taudes et al 2000 
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An option is a security, which gives its owner the right to trade in a fixed 
number of shares of a specified common stock at a fixed price at any time on or 
before a given date. The act of making this transaction is referred to as exercising the 
option. The fixed price is termed the striking price, and the given date, the expiration 
date. A call option gives the right to buy the shares; a put option gives the right to sell 
the shares. 
The benefit of option is contributed by the flexibility to exercise the right 
under the owner's discretion. Buy an option today and make a follow up investment 
later if the option proves worthwhile. If thing's don't get well, there is no need for 
further investment, and the loss is limited to the cost of acquiring the initial option. 
This resulted in the option holder to take advantage of potential benefits while 
controlling the risk involved. Options shift the possible distribution of future 
outcomes towards a more favourable pattern. 
One of the most significant influences in option-pricing theory is from Black 
and Scholes (1973). They provided the discussion of theoretical grounding, derivation 
and applicability of their model. Their model is derived on the initiative that there 
should not be possible to make any profits by creating portfolios of long and short 
positions of options together with their underlying stock if the prices are priced 
correctly under market equilibrium condition in a perfect financial market. The 
characteristics of perfect financial market are indicated by no transaction cost 
involved in trading, infinite times of lending or borrowing money at risk free rate, the 
change of stock price follows a stochastic process together with infinite divisibility of 
the number of options and stocks. 
The respectability and popularity of Black-Scholes model not only came from 
its sound theoretical grounding, but also the model did coincidentally agree with 
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another approach, binomial process, in option-pricing theory. Cox at el., used 
binomial process to mimic the stock price movement in discrete time in 1979. By 
considering the no-arbitrage possibility and taking the time limit to extremely small, 
they proved the result obtained from binomial process converted to the Black-Scholes 
formula. 
One of the controversial issues in Black-Scholes model is the estimation error 
of volatility parameter encountered when people employ the model in real case. 
Through empirically testing, Barry et al. (1991) proved that the volatility parameters 
estimated based on historical sample data is smaller than the implied volatility from 
Black-Scholes model. And, he concluded that, in general, the ignorance of parameter 
estimation error results in undervalues of the options and he suggested that 
practitioners should alert this phenomenon. 
Black-Scholes model is targeted for evaluating typical financial option and 
some scholars extended the work to cover more financial derivatives. Margrabe based 
on the insights from Black-Scholes model, had developed a model for evaluating the 
value of the option to exchange one risky asset for another risky asset in 1978. This 
type of model is applicable to deal with the problem of exchanging an option on a 
particular bank's securities to another option on a car-manufacturer's securities. 
Besides similar observations in Black-Scholes model, it is proved theoretically the 
value of the exchange option depends not only on the current values of the assets 
which may be exchanged, but also on the variance-covariance matrix of the return 
rates between the two assets, and the life of the option. 
The work of Black and Scholes has been extended by many financial scholars 
and the variations are well listed in literature (Copeland 1992，Hull 1993，Emilio 
Bamcci et al. 1996). In recent years, some scholars tried to relax the “memory-less，， 
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assumption made in most option-pricing theory and started another direction (Prasad 
Chalasani et al 1996). The “memory-less，，assumption means the change of stock 
price depends only on the final stock price and it follows a stochastic process. Prasad 
Chalasani and his colleagues suggested the change of prices of Asian stocks depends 
on the entire historical stock price path and they tackled the evaluation of securities 
with a path-dependent option analysis approach. 
Real Option-pricing theory 
Real option extends the “option right" to cover all possible resource allocation 
problems with possession of flexibility to change. Just like financial option, whose 
value relies on the corresponding security, real option stemmed from the 
corresponding real (non-financial) asset. The ability of real options offers the owner 
of an asset with embedded flexibility and the possibility, but not the obligation, of 
changing the assets's configuration according to various conditions so as to maximize 
the benefits. 
One of the well-known cases in real option-pricing problem was presented by 
McDonald and Siegel in 1986. The problem they presented was determination of 
optimal timing of an irreversible investment decision. They suggested the optimal 
timing could be estimated by comparing the value of investing today with the present 
value of investing at all possible times in future. The comparisons are made on those 
mutually exclusive alternatives, and the one with the highest value is considered as 
the optimal one. They also claimed that, with reasonable parameters, the value lost by 
sub-optimal adopting a project with zero net present value could easily range from 10 
to 20 percent or more of a project's value. 
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One of the distinct features of real option pricing is the possibility of 
interaction effect between different options. Different kind of financial options (e.g 
call option, put option, etc.) on the same underlying security are sold independently. 
However, real options of an investment, which means the flexibility of adjusting the 
configuration, are usually sold in a bundle. Trigeorgis (1993) talked about interaction 
effect of different kinds of option embedded in a single investment project. Several 
real options such as defer, abandonment, expansion, contraction and switch are 
discussed in his paper. Different situations where option interactions can be small or 
large, negative or positive are stated. In addition, he theoretically showed that the 
interaction effects generally depend on the type, correlation, degree of being "in the 
money，，，and order of exercising the option. The incremental value of an additional 
option in the presence of other options is generally less than its value in isolation, and 
declines, as more options are present. As a result, the addition of separate option 
values can substantially overstate the value of the project. His findings suggested that 
valuation errors from ignoring a particular option might be small and therefore, the 
practitioners might select the most significant options for evaluation and the result can 
be regarded as the reasonable preventative of the whole bundle. 
There are a few assumptions made in traditional real option-pricing theory and 
they are monopoly, perfect competition and determined interest rate etc. Kulatilaka & 
Perotti (1998) studied the effect of relaxation of the assumptions of monopoly and 
perfect competition. They argued that in real case, the profit increases more than 
proportionately with demand resulted from strategic preemptive effect and imperfect 
competition. As a result, when this effect is strong, higher uncertainty resulted with 
much higher option value than it is expected from traditional real option analysis. 
Ingersoll et al (1992) talked about the impact of uncertain interest rate. They claimed 
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and theoretically proved that interest-rate uncertainty has a significant effect on the 
overall investment return. Therefore, if the uncertainty of interest-rate is taken into 
consideration, all deferrable investment projects in an uncertain economy have the 
option rights values, even the cash flows of those projects are with little uncertainty or 
no uncertainty. 
Theoretical and mathematical formulas give us the insight of the development 
and grounding of theories while empirical studies can illustrate practice usages of the 
theory in real world and provided some insightful notes for practitioners to help 
smoothing the usage of option models. An empirical testing of option-based valuation 
models for real assets (land, natural resources) was conducted by Quigg (1993). This 
study used 2700 urban land transactions in 1976-1979 as data to calculate the option 
value and compare them with the actual land bid prices. The implied variance 
estimated from the data is numeric equivalent to Black-Scholes implied volatilities. 
Three real business cases of real option-pricing models in Shell planning 
group are documented by Kemna (1993). The first model is about the optimal timing 
of an offshore oil and gas investment project. The second case presented the usage of 
real option model to a typical strategic investment project. Strategic investment 
project usually have a high investment outlay and relatively low net cash inflows, this 
make itself unattractive economically on its own. However, there is a strategic value 
embedded which accounts for opportunity to invest in future commercial venture. 
When the embedded strategic value is taken into consideration as a whole. The 
strategic investment project would become more favourable. The third case discussed 
the abandonment decision of a crude distiller in a refinery. The tradeoff between the 
loss in operating in a over-supply market and the potential gain to immediate seizing 
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"worn-out" competitors' market share is discussed and option model is employed in 
this case to justify the decision. 
Real Option-pricing theory in Management Information System area 
Although real option-pricing theory has been proposed since late 1980s, its 
application in MIS area was uncommon until the middle of 1990s. Dos Santos (1991), 
one of the early adapters, proposed to use one of the real option models, Margrabe's 
exchange option model, for valuing an IS project that uses a novel technology for 
testing. He argued that a major portion of the value of the new technology project 
stemmed not from the initial project, but rather from projects that may be undertaken 
in future stages because of the experience gained from the initial project. He 
suggested that initial project could be proved to be helpful if it increases the net 
present value (NPV) of future projects due to learning and experience. Through 
numeric demonstration, while an NPV-based analysis of the whole project would 
suggest abandoning the idea, the option value of the smaller initial pilot project 
exceeds its cost and therefore it is suggested to break the whole project into phrases 
and the initial pilot project was economically justified to proceed. 
Unfortunately, not many scholars followed Dos Santos's work or apply real 
option-pricing theory in MIS area until the middle of 1990s. Kumar presented a 2-
stage information technology project investment problem in 1996. His paper studied 
and investigated the results obtained from Black-Scholes model and Margrable 
exchange model. From the results implied by Black-Scholes model, he concluded that 
it was not always attractive (in terms of option values) to select riskier second stage 
project. On the other hand, the result from Margrable exchange model indicated that 
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option values could either increase or decrease with increase in project risk, 
depending on the relative values of variances of the rate of change of costs and 
benefits and their correlation. 
Other theoretical studies are presented right after Kumar's study. Taudes 
(1998) argued that IT option was stemmed from the possibility to bring new functions 
from current information system into operation at certain future decision points when 
found beneficial at later time. And, he called this kind of option as “software growth 
options". His paper used Black-Scholes formula, Margrabe's formula, Geske's 
formula and Carr's formula to evaluate the option value of embedded in a IS system 
and it concluded that in some cases, the embedded option value can outweigh the 
negative static net present value and therefore, make the investment economically 
justifiable. Amram et al. provided a good illustration and explanation of why real 
options are applicable in IT project valuation and how to use option thinking to 
measure value of IT projects in 1999. Their paper provided clear guidelines to help 
practitioners to realize the benefit of real IT option. Furthermore, they claimed that 
option analysis can help managers to capture and formalize their intuition and creating 
a sophisticated disciplined decision-making process. 
Most of the studies of real option-pricing models in MIS area are theoretical in 
nature and there are only a few real empirical studies. Mukhopadhyay et al. presented 
a case study about the benefits of Electronic Data Interchange (EDI) in 1995. The 
study estimated the dollar savings gained from the use of EDI in the assembly centers 
of Chrysler Corporation. It covered both transactional IT benefits and non-
transactional IT benefits contributed by the system. Transactional IT benefits includes 
inventory holding cost and transportation cost while the non-transactional includes the 
obsolete inventory, premium freight and information handling benefits. The results 
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showed that the total benefits of EDI per vehicles amounted to over US $100, 
resulting in an annual savings of US$220 million for the company. 
Benaroch and Kauffman studied the optimal timing problem to implement a 
point-of-sale (POS) debit services in 1999. His paper used a real business case to 
demonstrate the usage of option pricing approach. He handled the problem by 
considering the trade-off between the revenue lost by waiting and the possibility of a 
further increase in the system's value by earlier entrance. Black-Scholes model was 
used to analyze a real deferral option on the deployment of point-of-sale (POS) debit 
services. In addition, they also argued that the usage of option pricing methods is 
appropriate no matter the underlying asset is traded or not because every firm's 
capital budgeting decisions, in the long run, are subject to market valuation. In 
addition, in their follow up paper in 2000，they suggested a way to handle the 
evaluation of non-traded assets. They stated that the effect of an underlying asset that 
is not traded could be captured by introducing a convenience yield into the Black-
Scholes formula (Trigeorgis 1996). The convenience yield decreases the option value 
of an investment opportunity due to a project's unique risk. This factor is hard to 
measure. However, they show a sensitivity analysis that, in their case the optimal 
timing did not depend on the particular value chosen for this parameter. 
Real option-pricing model can also be applied to determine and select 
investment alternatives under consideration. Taudes et al. (1999) employed Black-
Scholes model to solve a real business case problem of upgrading from SAP/2 to 
SAP/3 in 2000. Initially, the benefits generated from daily usage cannot justify the 
investment. After including the option value of future potential E-business usage, 
which can be provided from SAP/3 but not SAP/2, the upgrade investment is 
economically justified. The evaluation error caused by inaccurate parameter 
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estimation was resolved by sensitivity analysis and the model is proved to be robust 
enough in the case. 
Although many scholars have proposed the use of real option-pricing models 
in evaluating IT investment, practitioners are hesitant to follow as they might 
encounter difficulties in its operation. There are mainly two issues that hamper its 
usage, one is the absence of market to fairly and uniquely determines the value of 
information technology investment and the other is the difficulty to accurately 
determine the model parameters. Fortunately, Traudes et al. (2000) suggested a 
practical way to alleviate these problems by employing sensitivity analysis on those 
error-prone estimations. Until now, there are very few real case studies of using real 
option-pricing analysis to solve IT investment problem. This study would make a 
contribution as an additional real case and the online banking investment project of a 
Chinese bank will be our sample case. 
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Part III: Case Background 
Competition in banking industry everywhere was vigorous in recent years. To 
increase competitiveness, banks had to provide better services in lower cost. 
According to the study carried out by Yan et al (1997), bank customers became more 
demanding on quality and availability of financial services. The traditional way of 
branch service was limited by location and opening hour and this type of service were 
regarded as “inconvenience，，and got a poor customer rating due to its limitations. 
Therefore, banks tried to provide other ways to serve customers (Appendix B). 
Among them, online banking got the best rating. 
Online banking provides an easy and convenient way for customers to manage 
their financial assets. Customers could perform various requests like account enquiry, 
fund transfer, stock trading and other financial planning services through the bank's 
website. Due to the high appreciation from the customers, it became one of the 
competitive tools to retain and compete for customers in the bank industry. 
The other side to increase competitiveness is to reduce cost. Online banking is 
supported by a computer-based system and it can handle customers' requests 
automatically. The operational cost per transaction on an automatic system is very 
economical whereas the cost associated with manual processing is much more 
expansive as it involves large amount of manpower to handle related written 
documents. Online banking system is regarded as a way to reduce cost and the 
amount spent is around one-fifteenth to one-tenth compared to that of processing 
manually (Bickers 1999, Jordan 1999, Granitsas 2000). 
With reference to the benefits provided by online banking, people could 
intuitively justify the investment. Online banking would most probably turn out to be 
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beneficial to banks in long run, however, would it be the most beneficial to invest on 
the online banking right now? If not, when will be the best time to proceed? 
Availability of online banking services in Hong Kong 
Online banking was a hot issue in early 1999 in Hong Kong. Banks were 
attracted by its high popularity in the west and its significant cost saving in handling 
customers' requests. The first local online banking system was introduced by the 
Bank of East Asia in September 1999. More than 100,000 customers opened the 
online banking account in the first eight months of the operation and the result was 
encouraging. Afterwards, some large banks, like Hong Kong and Shanghai Bank, 
Heng Seng Bank, Standard Chartered Bank and Bank of American, launched their 
online banking system successively. 
Bank Name Already provide online 
banking services ？ 
Bank of American (Asia) Ltd. Yes 
Bank of China Hong Kong Branch No 
Bank of East Asia Ltd. Yes 
Dah Sing Bank No 
Dao Heng Bank Ltd. No 
First Pacific Bank Ltd. No 
Fortis Bank No 
Hang Seng Bank Yes 
Hong Kong and Shanghai Banking Corporate Ltd. Yes 
Hong Kong Chinese Bank, Ltd. No 
Liu Chong Hing Bank Ltd. No 
Nanyang Commercial Bank Ltd. No 
Seng Heng Bank No 
Shanghai Commercial Bank Ltd. No 
Standard Charted Bank Yes 
Kwantung Provincial Bank No 
Wing Lung Bank No 
Wing Hang Bank No 
Table 1. Availability of online banking services in January 2000 
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Table 1 showed the availability of online banking services on January 2000 in 
Hong Kong. Although there were five out of sixteen banks providing the services, 
four of them were large banks and the Bank of East Asian is the only medium-sized 
bank. Possible reasons for other medium-seized banks not going online at that time 
include (1) lack of resources or (2) wait to find out its value for the banks to optimally 
invest on it. To better understand how banks evaluate online banking investment 
opportunity, we next examine the case of Hong Kong Chinese Bank. 
Online banking investment in the Hong Kong Chinese Bank 
The Hong Kong Chinese Bank is a medium-sized local bank in Hong Kong. It 
is a publicly listed company and its business profile includes retail banking and 
commercial banking and it operates 21 branches located locally. At January 2000, the 
management committee of Hong Kong Chinese Bank (HKCB) started to consider the 
possibility of incorporating online banking to provide better services to its customers. 
It was a controversial issue in a board meeting, where some broad member argued for 
immediately investing on the online banking system, yet others preferred to wait. 
The management committee would like to get more solid information for their 
consideration. What concerned them at that moment were (1) whether the investment 
should be preceded immediately (2) If it is not recommended to do so, what will be 
the optimal timing to maximize the possible earnings from the investment. The 
amount of earnings of the system was affected by several factors, including 
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Figure 1. Major factors affecting the return of online banking investment 
Figure 1 depicts the major factors affecting the return of investment. 
Intuitively, the management committee could recognize that the delay in investment 
date influenced the investment return. The delay would reduce the overall benefits 
and costs in different magnitudes respectively. The delay of investment would delay 
the service commencement date and thus would lower the overall cumulative revenue 
generated by the system. On the contrary, the delay would reduce the investment cost 
as the value of technology always depreciates along time and the overall maintenance 
and operation charge would also be lowered if the commencement date was 
postponed. 
When we take a further investigation, the loss of revenue would mainly come 
from the loss in capturing new market share and loss in cumulative cost saving from 
the system. On the other hand, the reduction of investment cost would probably come 
from technology advancement and saving from operation and maintenance 
expenditures. In this study, we would focus on the cost saving effect and de-
emphasize the impact of competitive gain/loss. After knowing the background, the 
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next step is to model the problem into a systematic framework and evaluate the 
investment opportunity appropriately. 
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Part IV; Research Model 
The traditional workhorse in investment planning is discounted cash flows 
(DCF) analysis. DCF analysis is a way to estimate and compare expected investment 
return, it judges the preference according to the discounted sum of expected cash 
flows of the investment. When it is applied to handle investment with stochastic 
payoffs, the discounted sum will be represented by the weighted-average of all 
possible outcomes. However, as pointed out in literature, the judgement made by DCF 
analysis might not truly reflect the investment return and argued that it is not suitable 
for handling investment with stochastic payoffs (Dos Santos 1991, Jonathan at el. 
1992, Kemnal993, Smith & Nau 1995, Mukhopadhyay et al. 1995, Trigeorgis 1996). 
The deficiency of DCF analysis is its ignorance of management flexibility. In 
real life, investor would react according to the market conditions to maximize the 
return. When the market condition turns unfavourable, they will try to avoid loss by 
reducing the investment amount, postponement or even abandonment of the 
investment if possible. These contingent actions can increase the chance to get 
positive return and, at the same time, reduce the chance to suffer losses. The 
calculations in DCF analysis ignore these contingents actions, thus, undervaluing the 
investment opportunity. 
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Probability Investment Cost 
Probability distribution 
Losses to can be , \ of the revenue 
avoided by active / \ \ / 
management / \ / 
—蓋 
$ amount 
Figure 2. The effect of active management on probability distribution of investment return. 
Figure 2 illustrates that the expected value of traditional DCF analysis can 
undervalue an investment project if the analysis ignores the possibility to avoid losses. 
Appendix A provides a further numeric sample on this issue. 
One proposal to correct the error of traditional DCF analysis is to adjust the 
discounted rate used in the calculation downward to reflect the lower investment risk. 
However, it is very difficult to make an appropriate adjustment on the discount rate 
and there is no standardized method to do so (Trigeorgis 1996). 
An alternative approach is to use option-pricing methods which explicitly 
incorporate the active management available to the investor into account. (Dos Santos 
1991，Kumar 1996，Taudes 1998, Benaroch & Kauffman 1999, Taudes et al 2000). 
And, this is the approach that we will use in this study. 
There are different option-pricing methods to evaluate investments with 
different inherited flexibility. In this study, we would focus particularly on the method 
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to evaluate investment with deferral flexibility as HKCB's online banking investment 
could be regarded as a deferrable investment. 
Modelling of the optimal timing problem of HKCB 
Deferrable investment gives a investor a chance to wait and take contingent 
actions according to the market condition observable at a later time. The flexibility to 
wait and see could be analogous to the flexibility provided by financial call option. 
For financial call option, a holder has the right but no obligation to exchange the 
underlying asset with specific price (exercising price) in the future. And the holder 
would only exercise the right when there is a net gain. The value of underlying asset 
of a financial call option could be regarded as the overall revenue of a deferrable 
investment. On the other hand, the exercising price could be viewed as the investment 
cost. Since the underlying rationale is the same, the value of a deferral investment 
then might be estimated by formulas used to compute financial call option. 
Option value = expected value of deferrable investment with the consideration 
of active management 
For the financial call option, if the option can only be exercised at a specific 
date (expiration date), it is called an European option; whereas it is called an 
American option if it can be exercised on or before expiration date. 
The investment problem of HKCB's online banking system could be regarded 
as an optimal timing problem on a deferrable stochastic investment. One of the 
approaches to solve optimal timing problem is to analogy it to an American call 
option problem (Taudes et al. 2000). This approach assumes that the required 
investment cost is constant throughout the analysis period. However, in our context, it 
is not applicable as the investment cost changed with time. Instead, investment here 
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might in fact diminish in time. Therefore, we could find another way to solve the 
problem. 
In this study, deferrable investment would better be regarded as a collection of 
mutually exclusive European call options with different settings of underlying assets 
value (potential stream of revenue), exercising price (investment cost) and expiration 
date (investment date). In our case, since online banking system will only be invested 
once, that implies HKCB can only select one option out of the mutually exclusive 
collection. 
Probability Expected revenue for 
Call option 2 
I Expected revenue for 
Expected revenue for / Call option 3 
Call option 1 / , 
Si 
Exercising price Exercising price Exercising price Amount 
for call option 1 for call option 2 ^ r call option 3 
Figure 3. Probability distribution of different call option 
Figure 3 illustrates the scenario of probability distribution which HKCB might 
possess. As the revenue is stochastic in nature, its probability distribution changes 
with time. Together with the corresponding investment cost, the online banking 
investment could thus be regarded as a collection of mutually exclusive call options. 
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Afterwards, the optimal timing problem could be solved by computing the 
option values of these European options and select the one with greatest value as the 
optimal timing. And the optimal timing is indicated by the expiration date of that 
optimal European option. Therefore, we arrived a decision rule for the optimal timing 
problem. 
i.e. Optimal timing (7” is indicated by calculating 
Ct"" = max Cx (Rule 1) 
where x represent the set of all possible servicing time and Cx is the option value 
(Investment opportunity) for the investment at the time schedule x 
The option value Cx could be evaluated by using the Black-Scholes formula 
(1973). 
Option value of a European call option (C) is 
C = A * I * * (Equation 1) 
where 
1 �M ) ( o - M -
= w In 7 + 厂/ + " T � 
cr v r _ W y I 2 J -
and 
= -
In this formula, A is current stock value, I exercising price, N( ) cumulative 
standard normal distribution function, T option expiration time, cr deviation of stock 
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price and ryis the risk free interest rate. The formula is obtained by assuming the stock 
value follows the geometric Brownian motion: dA^ = A^ (adt + odw) where a is the 
growth rate, cr is the instantaneous deviation of stock price and dw is the differential of 
a standard Wiener process (with mean 0 and variance dt). 
Trigeorgis (1996) argued that the above formula, which originally is used to 
compute a European call option, could be used to evaluate the option value of a non-
traded deferrable investment when the parameters were appropriately interpreted. For 
example, the stock value could be interpreted as overall revenue of the underlying 
asset; the exercising price could be interpreted as investment cost etc. The 
corresponding interpretation is listed in table 2. 
Black-Scholes In te rp re ta t ion for investment Interpretation for financial European 
Parameters opportunity on non-traded option 
iili^iiiililiiiiiipiii __灣籙琴___藝_______画______1____讓__11 ipiipiiiiiiilililiiiiiiiiiiiiiiiBiillli® 
underlying asset 
A Value of overall revenue of the Current stock price 
underlying asset 
I Total investment cost Exercising/strike price of the option 
a Growth rate of the overall revenue Growth rate of the stock price 
a Riskiness of the underlying asset Standard deviation of the stock price 
T Deferred time to claim the Expiration time of the option 
underlying asset 
If Time value of money Risk-free interest rate 
^ Rate of return shortfall Dividend rate 
Table 2. The interpretations of parameters in Black-Scholes formula 
One of the assumptions made by Black-Scholes formula is risk-neutrality, 
which means that investors are indifferent between a risk-free investment and a risky 
investment with the same expected return. However, some investors are risk-averse 
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and to these investors, the rate of return should be appropriately adjusted (Trigeorgis 
1996, page 101-102) as follows: 
Option value ( C ) for risk-averse investor 
c = * N ( d ; ) - I * e ’ T *7V(^ /2’） (Equation 2) 
where 
1 「广 A ) 广 c r M 1 
dj= — ^ In — + r^ - ^ + — T 
o y l T L \ 1 J V 2 J _ 
and 
d2 = d^ '—a^lr 
Note that this formula is similar to the original Black-Scholes formula except 
that the rate of return shortfall (S) is added. 
Adjustment on the risk aversion is particularly important in evaluating 
investment opportunity on non-traded underlying asset. For non-traded asset, its value 
is estimated by the uncertain future outcomes and thus its value should be subjected to 
personal risk preference. If a person is risk-averse, he/she would rate the value of a 
risky asset lower than the actual expected value of return on that risky asset. And the 
rate of return shortfall ( ^ ) is introduced to adjust the option valuation process to 
reflect this phenomenon. 
On the other hand, the applicability of Black-Scholes formula requires the 
evolvement of underlying asset value follows a geometric Brownian motion process. 
Sample path of geometric Brownian motion process can be seen in Appendix C. In 
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our context, this means the total revenue of the online banking has to follow a 
geometric Brownian motion too. 
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Justification of geometric Brownian motion assumption for using Black-Scholes 
formula 
In our context, the underlying asset value is the overall revenue generated by 
the system. In order to assess the nature of stochastic process, we need to examine 
how overall revenue accumulates over time. As the overall revenue is composed of a 
stream of future benefits obtainable after the system is in its service, we will examine 
the benefit at a particular time {Bt) first. 
Bt = Nt''S 
where 
dNt = Nt (adt + adw) 
Bt is benefit of the system at particular time period, Nt number of usage at time 
t and it is assumed to follow a geometric Brownian motion process with drift, S cost 
saving per usage, a instantaneous growth rate, a instantaneous variance of number 
of usage and dw increment of a Wiener process, (a continuous analogy of serially 
uncorrelated normally distributed random variables with zero mean and unit standard 
deviation) 
Since online banking is a new service, it is reasonable to assume that customer 
uptake or number of usage QQ follows a product diffusion process. This is also the 
assumption used in Taudes et al (2000). The usual product diffusion process is 
consistent with nation that Nt follows a geometric Brownian motion. The parameter a 
represents the growth rate of usage as there is an expected general trend that customer 
acceptance would increase with time. The parameter ^ represents the standard 
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deviation of the distribution of the usage. The dw term could account for the impact 
from competitors' competitions and future legal enforcement etc. 
On the other hand, it is reasonable to assume that cost saving per usage S is 
constant. First, IT system is well known for its scalability. This means that one could 
expect the total savings increases linearly with usage, or, unit saving remains 
constant. Second, empirical studies with similar models also demonstrate a constant S. 
For example, Mukhopadhyay et al (1995) studied the benefits obtained by introducing 
EDI-based purchasing and found that the benefit/transaction ratio was more or less 
fixed regardless of the number of transaction. 
The next step to examine is the overall revenue of the system in its usage life. 
The overall revenue (W) can be expressed as the discounted sum of Bt, where t > T. 
In other words, W represents the cumulative revenue of the system with investment 
date T. As we stated in the first step, Nt is assumed to follow a geometric Brownian 
motion and the cost saving is constant over time, this implies that Bt and W should 
also follow a geometric Brownian motion. Furthermore, the growth rate and the 
deviation of the overall revenue (W) can be approximated by those of the number of 
usage {Nt) (Taudes et al. 2000). 
dVj. = Vj (adt + adw) 
And this result, the overall revenue of the IT investment follows geometric 
Brownian motion process, coincided with the assumptions made in several previous 
literatures. (Dos Santos 1991，Kumar 1996, Taudes 1998，Benaroch & Kauffman 
1999/2000) These literatures explicitly assumed the value of IT project under 
investigation followed the geometric Brownian motion process. 
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To conclude, we would first try to find out whether it is beneficial to make 
immediate investment. If not, we would use equation (2) to estimate the online 
banking investment opportunity in different timing and employ the decision rule (1) 
to find out the optimal solution for the investment timing problem. 
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Part V ： Data collection 
The reference materials in this study involved both the quantitative data and 
qualitative information. Quantitative data like investment cost, cost saving and other 
numeric data was captured by a list of structured question and qualitative information 
was obtained through a face-to-face interview. The data collection process started on 
early May 2001 and lasted for one month. A questionnaire containing a list of close-
ended questions and a few open-ended questions was sent to a group of senior 
managers in IT department of HKCB in early May, 2001. These managers were 
involved in varying degree making the investment decision at the time of January 
2000. Finally, three answered questionnaires were collected in late May. 
After the questionnaires were returned, a group interview was conducted to 
discuss and collect the qualitative information including planning concerns, company 
intentions and system architectures. 
One point to notice is that this study is a retrospective study and relies on 
historical data. The data collection process then subjected to two kinds of errors, 
attribution bias and memory failure. We tried to avoid the attribution bias by 
confirming respondents' answers with the actual events happened and alleviate the 
memory failure problem by holding a story-completion interview process instead of 
asking the events independently. However, the estimation of growth rate and 
deviation of online banking made on the time of January 2000 was not obtainable at 
the current time. In this study, current estimates were used as the approximated 
substitutes'". 
* Due to the constraints of our modelling method, the growth rate and deviation of usage rate have to be 
constant throughout the analysis period. Similar study like the one from Benaroch and Kauffman 
(1999) also had same constraints of constant growth rate and deviation of the usage rate of a point-of-
sale debit service system. With the constraints, we could only use current estimates as the 
approximated substitutes. 
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The questions used to collect corresponding information for the model parameters are 
listed in table 3. 
To estimate the overall benefits of the online banking system (A) and 
its deviation (「） 
• What is the number of transaction in the last 6 months? 
• What is the estimation of deviation percentage (x%) that the 
number of transaction (n) would mostly lie within the range of 
n-x% to n+x%? (Traudes et al. 2000) 
• How long does the development process take? 
• How much can the online banking save for each transaction? 
• Besides cost saving, what other benefits would you regard 
online banking system could provide? And how to quantify 
them? 
• What is the discount rate for this investment? 
• How long is the planning horizon of online banking system 
investment? 
To estimate the total investment cost (I) 
• How much is the investment cost on the online banking 
system? 
• How much would be spent on the maintenance and operation 
cost? 
To estimate the maximum implementation time (T) 
• When is the maximum defer time for the investment? 
Table 3. The questions for collecting the quantitative data 
Our collected data revealed that the cumulative usage of online banking 
system from January 1，2001 to May 31，2001 was around 20,000 transactions and it 
will be used for the projection in our study (Appendix D). Furthermore, the estimation 
of the growth rate is 20% per annum with 50% deviation for the following years. The 
development process (including purchasing new equipment, system development and 
tuning) took about one year and this meant once the management commit the 
investment, it took one year to make the system in service to capture the revenue. The 
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planning horizon was ten years and the system could reduce the cost per transaction 
from $20 to $1，contributing $19 saving per transaction. 
The managers stated that they might expect the online banking system would 
increase the customer satisfaction and loyalty. However, they did not regard it as the 
major concern and they find it very difficult to quantity these benefits. 
For the cost side, it was reported that around $15,000,000 would be spent on 
the system development and user training totally, no matter when will be the 
investment date. The operation and maintenance cost was estimated to be around 
$720,000 for the first year of operation and increases with the same rate as inflation 
throughout the system usage life (assume the inflation rate equals the risk-free rate). 
On the other hand, the discounted rate used for online banking system and the 
rate of return shortfall ( ^ ) cannot be properly figured out. The managers involved in 
the data collection process stated that they did not have enough sense to estimate these 
financial parameters. Therefore, to solve this problem, we would take a sensitivity 
analysis on these parameters over their possible range. 
The discounted rate ( / / ) for online banking system is assumed to have a range 
of 20% (Corresponding to the suggestion made for the "new products" in Brealey and 
Myers 1999 P，206) to 7% (rf) and we would take 14% as the initial reference. The rate 
of return shortfall ( ^ ) is assumed to have a range from its upper limit, equal to the 
risk free rate, to zero and we would take 4% as the initial reference. The upper limit of 
S should be bounded by the risk-free rate for all profit making investment (Taudes et 
al. 2000). 
The possible investment date are assumed available twice a year, at six-
months interval represents every January and July in each year. Furthermore, since it 
was told that there was no limitation on when to implement the online banking 
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system, the maximum defer time would then only be limited by the analysis period. 
The analysis period was said to be 10 years, as it takes one year for the development, 
the maximum defer time would be 8.5 years in this case. 
With reference to the cost saving per transaction is $19 and risk-free rate 
equals 7%, the results of the estimated parameters for equation (2) at six-month 





















































































































































































































































































































































































































































































































































































































































































































































































Part VI: Analysis Results 
With reference to the information collected in the data collection section, we 
can examine the investment opportunity of HKCB online banking system. We would 
firstly consider whether immediate entry is justifiable. If the result shows it is not 
worthy to do so, we will try to find out the optimal delay time so as to maximize the 
expected earning from the system. 
The net present value of expected earning of the system is -11,809,716 when 
the discount rate of the risky return is set to be 14% per annum. The result indicates 
that immediate entry is not recommended. We also tried to do sensitivity analysis on 
the discount rate to reflect the lower risk by active management. However, even the 
discount date is reduced to the extreme 7% (risk-free rate), the net present value 
remains negative (Appendix D) and we conclude that it is not recommendable to do 
immediate entry. 
Knowing that immediate entry is not recommended, we would examine the 
optimal delay time. The optimal delay time can be found by computing the option 
values of online banking system by the adjusted Black-Scholes formula (Equation 2). 
Adjusted Black-Scholes formula 
Option value (C，）for risk-averse investor is : 
A * ^ ' ^ * N � d : ) - I ” — " T * 斤（4,) (Equation 2) 
where 
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1 r 4 � r 2 \ “ 
d / = In — + r , - ( 5 + — r 
U J I ' 2 J 
and 
'-o-Vr 
We calculated the option values for different deferral time range from 0.5 year 
to 8.5 year at six-months intervals. The results are summarized in table 5. 
1) The option value (investment opportunity) get the largest value for the defer 
investment time of 4 years with option value of $525,916. 
2) The option value increases from defer time of 0.5 year to 4 year and decreases 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































From table 5，we could see a clear difference of the expected return when we 
employed DCF analysis versus option-pricing analysis. It shows that the expected 
return of postponement to 4 years gives a negative value of 9,059,122 by DCF 
analysis whereas it turned out to be positive 525,916 by option-pricing analysis. This 
clearly showed that DCF undervalued the investment opportunity as it neglect the 
effect of management flexibility (Appendix A). 
Sensitivity analysis on the selected parameters 
We would further examine the robustness of the result by a comprehensive 
sensitivity analysis. The range of parameters that we would scrutinize is listed as 
follows and the detail of calculation is in table 6. 
1) Rate of return shortfall ( 3 ) 
2) The cost saving per transaction (S) 
3) Discount rate used for the online banking investment project 
4) Deviation of the overall return 
5) Customer growth rate 
6) Investment cost (I) 
The first parameter to study is the rate of return shortfall ( ^ ) . With reference 
to the case study done by Traudes et al in 2000, his result showed that the optimal 
timing remained unchanged under difference value of 3 . However, as he did not 
made it as a general claim, we could not simply adopt his result and we had to re-
study the effect of ^ in our context. 
Although the optimal deferral timing change to 4.5 year when ^ = 0 and to 
3.5 year when 7%, the difference between them to the option value of 4 year 
deferment is less than 1%. This implies that the suggestion of deferral time to 4 year 
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is good enough to achieve the return maximization objective and the result should be 
consistent to decision makers with different attitude towards risk. 
The second parameter to examine is the cost saving per transaction. As stated 
in the data collection part, the IT managers in HKCB found no ways to quantify the 
intangible benefits of customer satisfaction and loyalty. Here, we could make an 
assumption that the contribution from these benefits increase linearly with the usage 
frequency and therefore, we could adjust the cost saving to a larger value to reflect the 
contribution from them. 
From the result, it is shown that even cost saving adjusted to $20 and $21, the 
recommendation still equals to 4-year postponement. But, the recommendation moves 
to earlier to 3.5 year when the cost saving increases to $22 and $24. Nevertheless, the 
difference between these option values and that of 4-year deferment is less than 2% 
and therefore, we might conclude that our suggestion (4 year postponement) is robust 
enough. 
The third parameter to examine is the risk free interest rate. Although it is a 
common practice to assume it is stable and around 7% over time. However, the 
interest rate did decrease to around 5% in year 2001 in Hong Kong due to a bad 
economic atmosphere in the South East Asia. In this study, we wondered the interest 
rate of 7 % might not completely reveal the picture and we tried to perform our 
computations in other rate. In the range of 5% to 9%, the optimal timings are still the 
same and equal to 4-year deferment. And this indicated that the optimal timing was 
insensitive to the interest rate. 
The fourth and fifth parameters we would test are deviation on overall return 
and customer growth rate respectively. Because the data involved in this study in 
retrospective in nature, the estimation of these two parameters given by the senior IT 
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manager in May 2001 might be biased by the actual performance. Therefore, it is 
necessary to take the sensitivity analysis on them. 
For the change of deviation, we can see the optimal timing changes to earlier 
time (3.5 year) when the deviation is higher. However, these optimal results give less 
than 3% deviation to that of 4-year postponement suggestions. 
For the change of growth rate parameter, we can see that the suggestion of 
optimal timing of 4 year is robust enough and remains the same over all the testing 
conditions. 
The sixth parameter we would like to examine is the investment cost (I). 
Although we got the estimation in the data collection process, it may be reasonable to 
think that the cost might have variation under unforeseeable future events. For 
example, the cost might be lowered when HKCB could strategically allied with IBM, 
or it might increase when the price is manipulated. 
We can see that the optimal timing shifts to an earlier time (i.e. 3.5 year) when 
the investment cost is reduced to 80% of the ordinal estimated cost. Nevertheless, the 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Suggested investment timing 
To conclude, the optimal timing of the deferrable investment is suggested to 
be 4-year deferment. This means the investment timing of HKCB's online banking 
system is suggested to be in January 2004 (i.e. 4 years later from January 2000). This 
result is robust enough as it gives less than 3% error on the option value under the 
wide range of conditions. 
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Part VII ： Discussions and Implications 
Discussions 
Our numerical calculation for HKCB online banking investment suggests that 
the optimal timing is 4-year deferment. But, this conclusion does not guarantee that 
HKCB could achieve this maximum return for sure if it invests 4 years later, since the 
computation is based on the information that HKCB possessed at the time of 2000 
and 2001. The obtained suggestion can only be regarded as the best estimator at that 
point of time. To obtain most up-to-date suggestion, HKCB has to continuously 
monitor any new information arriving during the suggested deferral period and 
performs the evaluation process again if the key parameters change dramatically. 
Unfortunately, the result of our retrospective study on HKCB does not agree 
with the actual action taken by the bank. In fact, the management committee decided 
to invest immediately in January 2000. They had made a DCF analysis on the 
investment return and knew that the investment might not be economically justified 
by the DCF's implied return. However, the management committee intuitionally 
regarded that there are other benefits not captured by the DCF analysis and the 
strategic benefits on earlier entry outweighed the loss suggested by the DCF analysis. 
Making IT investment decision intuitively was criticized by some scholars in 
recent years (Wilder 1999，Violino 2000, Granitsas 2000). They commented that 
pursuing IT investment without proper considering its actual return is very risky and 
might finally turn out to be terribly harmful to the company. 
On the other hand, the difference of our suggested course of action to the 
actual action taken by HKCB could be explained by several reasons. First, the 
management committee planned to hold a campaign in year 2001 to enhance company 
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image and they took the commencement of online banking system as one of 
promotion tools. Second, HKCB formed a strategic alliance with IBM in February 
2000. The investment on online banking system might be used to build up the 
relationship for future facilitations in acquiring technological resources. Third, the 
management committee followed the rationale of traditional management practice of 
“follow the leaders" when they made the decision. In fact, it is interesting to note that 
nearly all the local banks provided the online banking service in May 2001 (Appendix 
G). 
Implications for researchers 
This study uses a real business example to illustrate real option-pricing 
analysis. Apart from the study by Benaroch and Kauffman (1999) that uses an 
American call option analogy to model an optimal timing problem, this study follows 
a different approach in modelling the optimal timing problem. Here, we proposes to 
use a collection of mutually exclusive European call options to model a deferrable 
investment timing problem. The major advantage is that it is more flexible to handle 
non-constant investment cost problem in which each options has different exercising 
price. There could well be other approaches to model IT investment problems but 
unfortunately, there is still no standard taxonomy or procedure to model them. It 
would be a great value if a clear procedure could be developed to help classifying IT 
investment problems with corresponding real option pricing analysis models. 
The other room for further investigation is the distribution assumption for the 
usage frequency of online banking system. Iri this study, we assume it follows a 
product diffusion process. However, we do not have enough information to verify this 
important, yet natural, assumption. It would significantly strengthen our confidence if 
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we could find a way to verify this assumption. On the contrary, if the assumption does 
not hold, standard option-pricing models, such as the Black-Scholes model, will not 
be adequate and we may have to resort to some other methods to solve the problem. 
The data collection process in this study was not catered for the estimation of 
intangible benefits. Since the intangible benefits might alter the final conclusion, it 
would be beneficial to more properly incorporate them into the analysis other than our 
approach. Unfortunately, there are limited studies available in the MIS literature to 
talk about how to incorporate intangible benefits from IT for numeric evaluation. 
Nevertheless, if the intangible benefits could be more accurately quantified and 
incorporated into the analysis, the power of the results would be much strengthened. 
Implications for practitioners 
The findings of this study also have important practical implications for IT 
practitioners. The study has provided some preliminary findings to alert potential 
adopters. First, it showed that it would be better to use real option-pricing analysis to 
solve investment problems with management flexibilities. The shortcoming of 
traditional DCF is explained and the strength of real option-pricing is presented. Since 
real option-pricing could give a more reasonable picture by explicitly considering 
possible management flexibility, we suggested practitioners to use it to quantify 
flexible investment opportunity. By employing real option-pricing analysis, the 
excuse of not considering investment return by lacking of reasonable numeric 
estimation could be alleviated. 
Moreover, the results in this study are rather robust. Our analysis shows that 
the investment decision is very insensitive to changes in parameter values in our 
model. This finding, together with the study conducted by Benaroch & Kauffman 
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(1999)，shows that the estimation errors of model parameters do not have significant 
impacts to optimal timings. However, practitioners are still recommended to conduct 
sensitivity analysis to check their results when needed, as results from other models 
may be more sensitive to changes in model parameters. 
Although the analysis approach proposed in this study could not perform an 
exhausted test on continuous time basis, practitioners might find it satisfactory to have 
recommendations on selected decision points. It is because real business decision 
always happen in fixed date and therefore, discrete time analysis might be enough to 
handle many jobs. 
Lastly, we hope our work can encourage more practitioners who used to rely 
solely on DCF analysis to adopt our approaches and to evaluate IT investment by real 
option-pricing analysis, as it is indeed a handy and simple tool. 
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Part IX ： Limitations and contributions 
Although our numerical results appear to be quite insensitive to some 
parameters estimation error, our analytical results still subject to two fundamental 
limitations. The first one is related to data collection process and the second one os 
related to some basic assumptions made in the model. 
Limitation on data collection process 
In this study, some critical parameters such as user growth rate come from the 
guesswork of the IT department of HKCB. It is reasonable to believe that a more 
accurate estimate should be based the guesswork of a more extensive group of people 
who might possess part of that information. As such, our results would be more 
reliable if we could also obtain information from other related departments before 
deriving our conclusion, which unfortunately, is not the case. 
Limitations on Black-Scholes model 
Our analysis used the Black-Scholes model to evaluate the value of the 
investment opportunity. However, the model cannot exactly represent the real world 
condition and there are some inherited limitations on it. First, it assumes that the 
interest rate (time value of money) is constant throughout the period. In fact, the 
interest rate changes and fluctuates with economic conditions and the model cannot 
explicitly incorporate this effect. At the present moment, we try our best to adjust the 
interest rate to somehow reflect this effect as suggested by Taudes (1998). 
Another limitation is the assumption of constant standard deviation of the 
stochastic process. This can be problematic. In fact, the deviation of customer 
acceptance rate always evolves with time, and it would usually reduce with time after 
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product introduction phrase (Christensen 2000). The assumption of fixed deviation 
thus imposes a hurdle to accurately capture the problem. Nevertheless, we still believe 
that the model could give a reasonably good approximation for the situation. 
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Contributions 
To conclude, this study provides an illustrative example on employment of 
option-pricing model to evaluate a real investment opportunity of information 
technology project. Furthermore, we investigate and propose another approach to use 
the real-option-pricing analysis to determine the optimal timing of a deferrable 
investment. Reader may find it more adaptable to use than that proposed by Benaroch 
& Kauffman (1999) as it can handle different investment costs. 
On the other hand, this study further strengthens the belief of robustness of 
result from real option-pricing analysis. The result derived in our case proved to be 
robust enough under the test of rather comprehensive set of sensitivity analysis. 
Together with the case studies made by Traudes et al (2000) and Benaroch & 
Kauffman (1999,2000), practitioners may feel more confident in employing option-
pricing analysis in making information technology decisions. 
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Appendix A ； Limitation of traditional Discounted Cash Flow (DCF) analysis 
Many scholars (Black & Scholes 1973，Margrabe 1978, McDonald Siegel 
1986, Santos 1991, Jonathan at el. 1992, Kemna 1993，Smith & Nau 1995， 
Mukhopadhyay et al. 1995，Trigeorgis 1996) stated that traditional DCF analysis is 
regarded as incapable to handle problems with uncertain future payoffs. Traditional 
DCF analysis is a “static,，cost benefit analysis, which compares the expected future 
payoffs with associated costs without the consideration of contingent actions available 
in the investment. On the other hand, option-pricing analysis is known to be capable 
to handle stochastic environment as it explicitly model the contingent actions 
available to the investor. The following sample case would help readers to have a 
sense of basic understanding of the incapability in DCF analysis to handle stochastic 
payoffs. 
Sample case 
Imagine, your company is now deciding whether to engage a small-scale pilot 
project to launch a innovative software application. The pilot project will last for three 
years and, the investment cost is $ 50,000 if it is agreed to engage in now. At the end 
of the third year, the company has the flexibility to expand the project through a 
follow-up investment or abandon it without any addition cost. Suppose there are only 
two possible scenarios, good and bad, and good scenario will occur with 60% chance 
while bad scenario will have 40% to happen. The analysis period of this problem is 
seven years and the cost of capital is 15%. The expected cash flows are listed below. 
Year Cost R e v e n u e G o o d scenario Bad scenario  �- ‘ - , - - -' , - r- ' \ \ 




Follow - up r ^ $ 9 0 0 , 0 0 0 $ 2 0 , 0 0 0 
4 $130,000 $55,000 
5 $130,000 $55,000 
6 $650,000 $275,000 
7 $650,000 $275,000 
The Net present value (NPV) of the pilot project: 
NPVp = - 50000 + 10000/(1.15) + 20000/(1.15)^ + 20000/(1.15)^ 
=-13 ,031 
The expected NPV of the follow-up expansion : 
NPVf = {-900000 + [(0.6*130000 + 0.4*55000)/!. 15] + [(0.6*130000 + 0.4*55000)/(L15)'] 
+ [(0.6*650000 + 0.4*275000)/(1.15)3] + [(0.6*650000 + 0.4*275000)/(1.15)'] } 
/(1.15)3 
=-80 ,739 
From the results, we can see that NPVs of both pilot project and follow-up 
project is negative. Therefore, it is not recommendable to engage the investment. 
However, the situation changes when we explicitly consider the investor have the 
flexibility to adjust the plan at the end of year 3. Suppose the uncertainty of the 
market is resolved at the end of year 3 and management will only precede the follow-
up investment when the market condition is good. Then, we got another result. 
The NPV of the follow-up expansion in good market condition : 
NPV, = 0.6 * {[- 900000 + 130000/(1.15) + 130000/(1.15)^ + 650000/(1.15)^ & 
+ 650000/(1.15)4]*0.6}/(1.15)3 
=0 .6*43 ,541 
=26,125 
Then, we can see the follow-up expansion can achieve positive NPV. Notice 
that it is reasonable not to precede follow up expansion when the market condition is 
bad. In this case, the pilot project is a necessary element for acquiring the chance to 
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make the follow-up expansion, therefore, the value of the pilot project and follow up 
investment should be considered as a whole. The adjusted NPV will then be -$13,031 
plus $26,125 that equals $13,094. As a result, the thinking of possessing the flexibility 
(an option) to adjust at the end of year 3 would make it strategically reasonable to 
engage the pilot project. The inclusion of management flexibility increases the 
expected value of the investments by excluding the loss probability with appropriate 
contingent actions. 
Option-pricing analysis explicitly models the management flexibility available 
to the investor. In this case, the option to precede the follow up expansion represents 
investor's flexibility. This flexibility to make contingent actions can improve the 
profit potential while limiting losses and this changes the probability distribution of 
future payoffs asymmetrically by enhancing the upside potential and reducing the 
downside risk. 
The management flexibility resembles the flexibility in financial call option as 
they both can limit the risk while maintaining original profit potential. In addition, the 
value of the investor's flexibility can be modelled by the value of the financial option 
with equivalent future payoffs with appropriate adjustment. 
We can easily solve the above problem as we have make stringent 
assumptions on the situations to simplify the calculations. However, in the real 
business world, the problems are far more complicated and we might rely on option-
pricing models to solve those problems. 
* 
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Appendix B; Banks services available to the customers 
Banks tried to provide means other than branch service to serve their 
customers. The earliest information technology (IT) enabled service to subsidize 
branch services was auto-teller machine (ATM). Customer could perform simple 
financial requests like cash-out, account balance checking, fund transfer and deposit 
around the clock thorough a neatly machine located in railway stations and shopping 
malls. The next IT enabled supplement is tele-banking. Customers could access 
his/her account by a telephone call to a dedicated auto-answering machine hosted by 
the bank. The machine responses and performs actions according to the series of 
buttons or voices initiated by the customer. The limitation of location is then further 
relaxed. However, the services provided by ATM and tele-banking were limited, they 
could not handle complex financial request like financial planning. The next 
generation was, personal computer (PC) banking. It provided larger range of services, 
nearly most of the daily services available in branches could be performed. However, 
customers were required to use a dedicated software with a dedicated wire to connect 
to the bank's computer system in order to make it work. 
Online banking (Internet-based banking) can be considered as close a variant 
from PC banking. The services provided by PC banking and online banking are 
almost the same but the main difference is the way to connect to the system. Online 
banking does not require customers to have any dedicated software installed in the 
computer and also it does not necessitate and a dedicated wire. What it needs is only a 
web browser, which is freely and publicly available, and computer that is connected 
to the Internet network. The online banking system was introduced to the public in the 
West since late 1990s and it has got good rating for its convenience and usefulness 
from the public. 
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Online banking system is supported by a computer-based system and it can 
handle and carry out customers' requests automatically. It can substitute the manual 
processes and thus reduce the cost to perform financial transactions. The cost 
associated with processing a transaction in online banking system is around one-
fifteenth to one-tenth compared to that of processing manually (Bickers 1999, Jordan 
1999, Granitsas 2000). 
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Appendix C ； Sample path of a Geometric Brownian Motion 
Sample path of Geometric Brownian Motion 
^ � — ‘ * - - - - -- ^ — - … “ • - 
Possible path 1 
爾 p ^ Trend l.ne 
— i - " P o s s i b l e path 2 
6 0 子 t j ^ P — b l e p a t h 3 
4 0 A 
2 � ^ ^ ^  
0 4—— T "1 r-- r —^ 
0 1 2 3 4 5 
Where dx = x{pdt + <jdw\xQ = 10,a 二 0.5,cr = 1 
Page 56 
Appendix D; Discounted Cash Flows (DCF) analysis of immediate entry of online 
banking investment 
The data collected from HKCB's senior IT manager in May 2001 provided us 
some reference points for determining the parameters and they are summarized as 
follows. 
1) The cumulative number of transaction handled by the online banking 
system is around 20,000 from January1, 2001 to 31 May, 2001. And the expected 
growth rate is estimated to be 20% per annum. This results the projected cumulative 
number of transaction for the first six months, i.e. from January1, 2001 to June 30， 
2001, to be 24,202 by linear interpolation. 
2) The analysis horizon is 10 years for this investment, from January 2000 to 
December 2009. 
3) The cost saving per transaction is $19. 
I 
4) The system development cost is $15,000,000 and the annual operation and 
maintenance cost is estimated to be $720,000 for the first year of operation and 
increases with the inflation (assume it equals to risk-free rate) in following years. The 
cost of capital is assumed to equal to risk-free rate. 
Since the senior IT manager involved in the data collection process did not 
give reasonable guesses on the discount rate used for the risky payoffs from online 
banking system (ju ), we assumed it to be 14% per annum for this calculation. 
Furthermore, the risk-free interest rate (rf) is set to be 7% per annum. 
Based on these reference, the below table shows the Net Present Value (NPV) 
for the immediate entry of online banking investment. 
Result of Discounted Cash Flows (DCF) analysis of immediate entry 
Page 57 
CumulaUve ^ System 
Period number of Operational development cost / NPV of benefit NPV of costs 
Benefits 
transaction Maintenance cost 
Jan 2000 to Jun 2000 0 0 15,000,000 0 -15,000,000 
Jul 2000 to Dec 2000 0 0 0 0 -336,063 
Jan 2001 to Jun 2001 2 4 ^ 459,838 360,000 4 0 1 , 6 4 0 - 3 3 6 , 0 6 3 
Jul 2001 to Dec 2001 2 6 ^ 505,822 372,600 4 1 2 , 9 0 1 - 3 3 6 , 0 6 3 
Jan 2002 to Jun 2002 29；^ 556,404 385,641 424,478 -336,063 
Jul 2002 to Dec 2002 32M3 612,044 399,138 436,379 -336,063 
Jan 2003 to Jun 2003 3 5 ^ 673,249 413,108 448 ,614~ -336,063 
Jul 2003 to Dec 2003 38；^ 740,574 427,567 4 6 1 , 1 9 2 - 3 3 6 , 0 6 3 
Jan 2004 to Jun 2004 42,875 814,631 442,532 4 7 4 , 1 2 3 - 3 3 6 , 0 6 3 
Jul 2004 to Dec 2004 47j63 896,094 458,021 4 8 7 , 4 1 6 ^ -336,063 
Jan 2005 to Jun 2005 5 1 ^ 985,704 474,051 501,082 - 3 3 6 , 0 6 3 ^ 
Jul 2005 to Dec 2005 5 7 ^ 1,084,274 490,643 515,131 -336,063 
Jan 2006 to Jun 2006 6 2 ^ 1,192,701 507,816 529,574 -336,063 
Jul 2006 to Dec 2006 69；051 1,311,971 525,589 544,422 -336,063 
Jan 2007 to Jun 2007 7 5 ^ 1,443,169 543,985 559,686 -336,063 
Jul 2007 to Dec 2007 83；^ 1,587,485 563,024 575,378 -336,063 
Jan 2008 to Jun 2008 91907 1,746,234 582,730 591,510 -336,063 
Jul 2008 to Dec 2008 101,098 1,920,857 603,126 608,094 -336,063 
Jan 2009 to Jun 2009 111,208 2,112,943 624,235 625,144 -336,063 
Jul 2009 to Dec 2009 122,328 2,324,238 646,083 642,671 - 3 3 6 , 0 6 3 ^ 
NPV of immediate entry = - 11.809J16 
Sensitivity analysis when the discount rate ( JU ) is set to 10% 
Result of Discounted Cash Flows (DCF) analysis of immediate entry 
Cumulative System f " 
Operational … ” , 
Period number of development cost / NPV of benefit NPV ot costs 
Benefits 
transaction Maintenance cost 
Jan 2000 to Jun 2000 0 0 15,000,000 0 -15,000,000 
Jul 2000 to Dec 2000 0 0 0 0 -336,063 
Jan 2001 to Jun 2001 24,202 459,838 360,000 417,087 -336,063"""" 
Jul 2001 to Dec 2001 505,822 372,600 436,948 -336,063 
Jan 2002 to Jun 2002 29,284 556,404 385,641 4 5 7 , 7 5 5 - 3 3 6 , 0 6 3 
Jul 2002 to Dec 2002 32；^ 612,044 399,138 479,553 - 3 3 6 , 0 6 3 ^ 
Jan 2003 to Jun 2003 35,434 673,249 413,108 5 0 2 , 3 8 9 - 3 3 6 , 0 6 3 
Jul 2003 to Dec 2003 38；^ 740,574 427,567 526,312 - 3 3 6 , 0 6 3 ^ 
Jan 2004 to Jun 2004 42；^ 814,631 442,532 551,374 -336,063 
Jul 2004 to Dec 2004 47,163 896,094 458,021 577,630 -336,063 
Jan 2005 to Jun 2005 51；879 985,704 474,051 605,136 -336,063 
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Jul 2005 to Dec 2005 5 7 ^ 1 , 0 8 4 , 2 7 4 490,643 6 3 3 , 9 5 3 - 3 3 6 , 0 6 3 
Jan 2006 to Jun 2006 62,774 1,192,701 507,816 664,141 -336,063 
Jul 2006 to Dec 2006 6 9 ^ 1,311,971 525,589 6 9 5 , 7 6 6 - 3 3 6 , 0 6 3 
Jan 2007 to Jun 2007 7 5 ^ 1,443,169 543,985 7 2 8 , 8 9 8 - 3 3 6 , 0 6 3 
Jul 2007 to Dec 2007 83；^ 1,587,485 563,024 763,608 -336,063 
Jan 2008 to Jun 2008 91；^ 1,746,234 582,730 799,970 -336,063 
Jul 2008 to Dec 2008 101,098 1,920,857 603,126 8 3 8 , 0 6 4 ^ -336,063 
Jan 2009 to Jun 2009 111,208 2,112,943 624,235 877,972 -336,063 
Jul 2009 to Dec 2009 122,328 2,324,238 646,083 919,780 -336,063 
NPV of immediate entry = -9,572,815 
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Sensitivity analysis when the discount rate ( JLl ) is set to 7% 
Result of Discounted Cash Flows (DCF) analysis of immediate entry 
Cumulative System 
Operational 
Period number of development cost / NPV of benefit NPV of costs 
Benefits 
transaction Maintenance cost 
Jan 2000 to Jun 2000 0 0 15,000,000 0 -15,000,000 
Jul 2000 to Dec 2000 0 0 ‘ 0 0 "336,063 
Jan 2001 to Jun 2001 24^02 459,838 360,000 429,264 -336,063 
Jul 2001 to Dec 2001 l E m 505,822 372,600 456,222 -336,063 
Jan 2002 to Jun 2002 29；^ 556,404 385,641 484,874 -336,063 
Jul 2002 to Dec 2002 612,044 399,138 515,325 -336,063 
Jan 2003 to Jun 2003 3 5 ^ 673,249 413,108 547,688 - 3 3 6 , 0 6 3 ^ 
Jul 2003 to Dec 2003 38；^ 740,574 427,567 582,084 - 3 3 6 , 0 6 3 ~ 
Jan 2004 to Jun 2004 42；^ 814,631 442,532 6 1 8 , 6 4 0 - 3 3 6 , 0 6 3 
Jul 2004 to Dec 2004 896,094 458,021 6 5 7 , 4 9 2 - 3 3 6 , 0 6 3 
Jan 2005 to Jun 2005 51；879 985,704 474,051 698,784 - 3 3 6 , 0 6 3 ^ 
Jul 2005 to Dec 2005 1,084,274 490,643 742,669 -336,063 
Jan 2006 to Jun 2006 6 2 ^ 1,192,701 507,816 789,310 -336,063 
Jul 2006 to Dec 2006 1,311,971 525,589 838,880 -336,063 
Jan 2007 to Jun 2007 75；^ 1,443,169 543,985 891,563 -336,063 
Jul 2007 to Dec 2007 83；^ 1,587,485 563,024 947,555 -336,063 
Jan 2008 to Jun 2008 9 1 ^ 1,746,234 582,730 1,007,063 -336,063 
Jul 2008 to Dec 2008 101,098 1,920,857 603,126 1,070,309 - 3 3 6 , 0 6 3 ^ 
Jan 2009 to Jun 2009 111,208 2,112,943 624,235 1,137,527 -336,063 
Jul 2009 to Dec 2009 122,328 2,324,238 646,083 1,208,965 -336,063 
NPV of immediate entry = -7,424,934  
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Appendix E ； Black-Scholes Formula and its interpretation for non-traded 
underlying asset 
One of the most famous models, Black-Scholes model, is proposed to use in 
this study. Black-Scholes model is regarded as the representative as well as a 
fundamental formula for evaluation of financial option in numeric calculations. For 
the details of deviation of Black-Scholes model, readers are referred to Black & 
Scholes (1973) and Cox et al. (1979). 
Black-Scholes formula: 
Assume the underlying capital asset value At follows a geometric Brownian 
motion with drift. 
dA^ = A^ {ccdt + adw) 
BS = — 
, 1 � 1 ( A ^ ( 一） 
d2=d广 <J-Jt 
Where BS = Black-Scholes value ； A = underlying capital asset value ； I = the 
exercising price; N() = the cumulative standard normal distribution function ； T is the 
time to implement the possible application; cr is the deviation of underlying capital 
asset value and if is the risk free interest rate. 
Black-Scholes model is a closed-form formula that computes the price of a 
European call option under the a few assumptions and they are listed as follows 
(Trigeorgis 1996). 
1) Frictionless markets (for stocks, bonds, and options). This means that (a) there 
are no transaction costs or (differential) taxes; (b) there are no restrictions on short 
sales (such as margin requirements), and full use of proceeds is allowed; (c) all shares 
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of all securities are infinitely divisible; and (d) borrowing and lending(at the same 
rate) are unrestricted. These assumptions allow continuous trading. 
2) The risk-free (short-term) interest rate is constant over the life of the option 
(or known over time). 
3) The underlying asset (stock) pays no dividends over the life of the option, 
(this assumption is later removed, with appropriate dividend adjustments.) 
4) (Distributional assumption concerning the stock-price process) The change of 
stock price follows the standard Wiener process/Geometric Brownian motion with 
drift of the form 
dA^ = A, {adt + adw) 
where a is the total expected return on the underlying asset, a is the standard 
deviation of stock returns (assumed constant), and dw is the differential of a standard 
Wiener process (with mean 0 and variance dt). In the discrete-time case, the diffusion 
process is replaced by a multiplicative binomial process or random walk/Brownian 
motion which in the limit, as the trading interval gets smaller and smaller, becomes 
equivalent to the log-normal distribution underlying the process in the above. 
5) It assumes that the underlying asset is traded in a market that presents no 
arbitrage opportunities. 
On the other hand, Trigeorgis (1996) argued that the above formula, which 
originally is used to compute a European call option, could be used to evaluate the 
option value of a non-traded deferrable investment when the parameters are 
appropriately interpreted as follows. 
B l a c k - S c h o l c s I Interpretation for investment Interpretation for financial European 
Parameters opportunity on non-traded option 
underlying asset 
A Overall revenue of the underlying Current stock price 
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asset 
i Total investment cost Exercising/strike price of the option 
a Deviation of the revenue Deviation of the stock price 
T Time to claim the underlying asset Expiration time of the option 
r^  Risk-free interest rate Risk-free interest rate 
S ~ Rate of return shortfall Dividend rate 
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Appendix F; Questionnaire for Online banking investment 
Remark; 
Industry: Hong Kong Banking 
Research Area: Bank Electronic certificate 
Target respondents: Decision makers involved in online banking 
investment 
Objective: 
This research is aimed to investigate the evaluation approaches on online 
banking investment in Hong Kong banking industry. 
Confidentiality: 
All the information obtained will be treated strictly confidential. The 
information will be used by (this research project/academic purpose) ONLY. 
Timing; h 
Please complete this questionnaire and return it before 25^  May, 2001 
Final report: 
All the respondents are entitled to obtain a full revision of final report. Please 
indicate your preference in last question of this questionnaire. 
Contact person: 
Mr. Chu Chun Fai, Carlin. M/Phil Student of Dept of Decision Sciences and 
Managerial Economics, The Chinese University of Hong Kong. Office: 26098560; 
Mobile: 92803485 
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Note ： Please try to provide a response to every question. Use a Tick to select the appropriate choice 
and to enter "NA" or "Nil" where appropriate. 
Section 1 ； Qualitative Questions 
1) What are the main purposes to explore and implement online banking 
system? 
2) What methods will your company used to evaluate the return of online 
banking system? 
3) Are there any follow-up investments on expansion of the online banking 
system? 
4) Besides cost saving, what other benefits would you regard online banking 
system could provide? And how to quantify them? 
Section 2 : Quantitative Questions 
1) When the online banking system is approved to be implemented? 
Year  
2) What is the planning horizon of the online banking system? 
Year  
3) What is the investment cost on online banking system? 
Total Expenditure  
4) What is the operation cost and maintenance cost per year? 
Operation cost  
Maintenance cost  
5) When is the maximum defer time for the investment? 
Year 
6) What is the expected revenue from online banking system? 
Percentage contributed by cost saving  
Percentage contributed other value-added functions  
Total expected revenue per transaction  
7) What is the total number of usage for the first six month of operation? 
Total number of usage  
8) What is the estimation of deviation percentage (x%) that the number of 
transaction (n) would mostly lie within the range of n-x% to n+x%? 
Percentage  
9) How long does the development process take? 
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Year  
10) How much can the online banking save for each transaction? 
Saving per transaction  
11) What is the discount rate for this investment? 
Discount rate  
Comment 
21) We would welcome feedback about this questionnaire. 
Any comment:  
22) Would you like to obtain a full version of final report? 
• Yes 





The options and sections of this questionnaire are constructed based on the following materials. 
1) Government Online Survey(Questionnaire) Second Round - September 30,2000 
2) Options Analysis of software platform decisions: A case study (June 2000’ MIS quarterly) 
3) Evaluation of Strategic Investments in Information Technology (January 1991, CACM) 
4) ROI E-Bus Strategic (May 14’ 1999 Information Week) 
5) Software Growth Options (Summer 1998, JMIS) 
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Appendix G : Availability of online banking services in May 2001 
Bank Name ~Already provide online banking 
services ？ 
Bank of American (Asia) Ltd. Yes 
Bank of China Hong Kong Branch Yes 
Bank of East Asia Ltd. Yes 
Dah Sing Bank Yes 
Dao Heng Bank Ltd. Yes 
First Pacific Bank Ltd. Yes 
Fortis Bank Yes 
Hang Seng Bank Yes 
Hong Kong and Shanghai Banking yes 
Corporate Ltd.  
Hong Kong Chinese Bank, Ltd. Yes 
Liu Chong Ring Bank Ltd. Yes 
Nanyang Commercial Bank Ltd. Yes 
Seng Heng Bank Yes 
Shanghai Commercial Bank Ltd. Yes 
Standard Charted Bank Yes 
Kwantung Provincial Bank No 
Wing Lung Bank Yes 
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